Generally, hairy roots are able to be cultured in phytohormone-free media, since they have an ability of production and consumption of phytohormones. It has been reported that the production of the secondary metabolites in hairy roots was promoted by the addition of auxins. For example, the production of sesquiterpenes in Lippia dulcis 1) and indole alkaloides in Amsonia elliptica 2) were investigated. By the addition of NAA (1-naphtaleneacetic acid), the production of indole alkaloids of Amsonia ellitica hairy roots increased 10-fold higher than that of the hairy roots cultured in hormonefree medium.
In this report, we describe that the hairy roots (transformed with Agrobacterium rhizogenes ATCC 15834) of the interspecific hybrid ginseng produced high amounts of ginsenosides with addition of auxins. The number and length of lateral branching roots cultured with each auxin were measured. Moreover, ginsenosides production of hairy roots cultured in B5 7) (Gamborg's B5) media supplemented with mixed two kinds of auxins was also investigated.
MATERIALS AND METHODS
Culture Media All culture media containing 30 g · l
Ϫ1
sucrose adjusted to pH 5.7 before autoclaving at 121°C for 15 min. All cultures were grown at 25°C. Data shown are the mean of three experiments.
Plant Material and Induction of Hairy Roots Plant material and introduction of hairy roots were the same as described in references. [3] [4] [5] [6] Effect of Different Kinds of Auxins Hairy roots were pre-cultured in B5 liquid media supplemented with 2.5 mM auxin {IBA (3-indole butyric acid), NAA and IAA (3-indoleacetic acid)} and hormone-free (30 ml medium per 100 ml flask) and cultured (100 rpm on a rotary shaker) in the dark for 3 weeks. Three root tips (ca. 10 mg fresh weight) excised from the conditioned hairy roots were inoculated into the same fresh medium and cultured under the same conditions.
Effect of IBA and NAA Combination Hairy roots were pre-cultured in B5 liquid media supplemented with 0-10.0 mM IBA and NAA combinations, and cultured (100 rpm on a rotary shaker) in the dark for 3 weeks. Three root tips (ca. 10 mg fresh weight) excised from the conditioned hairy roots were inoculated into the same fresh medium and cultured under the same conditions. Determination of Ginsenoside Content Sample preparation and HPLC conditions for determination of ginsenoside content were the same as described in reference. 6) RESULT AND DISCUSSION
Effect of Different Kind of Auxins
In our previous study, the interspecific hybrid ginseng hairy roots grew well and produced ginsenosides in hormone-free B5 liquid medium better than any other media.
6) The growth of hairy roots cultured in B5 liquid media supplemented with 2.5 mM auxins (IBA, NAA and IAA) and hormone-free was determined ( Fig. 1) . After inoculation into those four media, the fresh weight of hairy roots increased throughout of the culture period. Until 6 weeks, good proliferation of hairy roots was observed in the media supplemented with IBA and NAA. The fresh weight of hairy roots cultured with IBA and NAA increased rapidly until week 6, then the growth curves reached plateau. On the other hand, the fresh weights of cultured with IAA and without auxin increased rapidly until week 7. Therefore, it is possible to shorten the induction phase of hairy roots by supplementing with IBA or NAA in the medium. The growth of the hairy roots reached a maxi- mum in all media at week 8 {7.28 g fresh weight (IBA), 7.19 g fresh weigh (NAA), 6.20 g fresh weight (IAA) and 5.87 g fresh weight (hormone-free)}. The hairy roots grew well in medium supplemented with auxins compared with hormone-free.
Auxins Affected Ginsenoside Production and Growth of Hairy Roots in
Ginsenosides, six major compounds (ginsenoside Rb 1 , Rb 2 , Rc, Rd, Re and Rg 1 ) were determined by HPLC (Fig. 2) . The contents of ginsenosides Rb 1 and Re increased markedly during culture period. The Rb 1 content at week 2 was 0.02-0.05% (IBA, NAA and IAA) and 0.16% (hormone-free), then it increase and reached over 0.30% at week 8 in all media. The Rb 2 content reached a maximum at week 6 (0.24%, hormone-free) or week 7 (0.20-0.22%, IBA, NAA and IAA). The Rc content was below 0.1% until week 4, then it was the same level (ranging 0.11-0.17%). The Rd content was fairly low at week 2, and then it increased and reached over 0.3% at week 8. The Re content until week 4 was 0.10-0.14%, and then it increased and reached 0.39-0.50%. The Rg 1 content reached a maximum at week 8 (about 0.30%, IBA, NAA and IAA) and week 7 (0.22%, hormone-free). With regard to total content of six ginsenosides, it increased rapidly from week 4 to week 5 (IBA, NAA and IAA), and then it continued to increase. Meanwhile, the total content of six ginsenosides in hairy roots cultured in hormone-free increased rapidly from week 7 to week 8. The total ginsenosides content reached a maximum in all media at week 8 {1.63% (NAA), 1.58% (IBA), 1.49% (IAA) and 1.42% (hormone-free)}. It was found from these results that the hairy roots cultured with auxin grew rapider and produced higher content of the ginsenosides than these cultured in hormone-free.
The hairy roots were cultured in B5 media supplemented with 2.5 mM IBA, NAA and IAA for 8 weeks, number and length of lateral branch of roots were measured after harvest 658 Vol. 27, No. 5 Number of length of lateral branching roots were shown with the average (ϮS.D.) on three hairy roots.
( Table 1) . IBA promoted lateral root formation with 1.8-fold increase, and NAA promoted lateral root growth 2.2-fold length when compared to roots cultured in hormone-free medium (Fig. 3) . It has been reported that auxin (IAA)-synthesizing genes are present on the T R -DNA of Ri-plasmid. 8, 9) Thus, the hairy roots cultured in the medium without auxin can produce endogenous IAA. From our result of the lateral root formation and growth, it was found that there may be a synergistic or competitive action between endogenous and exogenous auxins. The maximum number of lateral branching roots was 43.7Ϯ4.0 roots when cultured with IBA, whereas the minimum number was 21.3Ϯ2.2 roots when cultured with NAA. The result indicates that IBA acted with IAA synergistically, whereas NAA acted competitively with IAA for the lateral root formation. The length of lateral branching roots, the length of roots cultured with NAA (45.3Ϯ5.6 mm) was significantly longer than that cultured with IBA, IAA and hormone-free (about 20 mm). It is suggested that NAA showed synergistic effect with IAA for the lateral root growth and IBA did not act synergistically or competitively with IAA.
Effect of IBA and NAA Combination There are no reports about hairy roots cultured in medium supplemented with two kinds of auxins. In this study, the hairy roots were cultured in B5 medium supplemented 0-10.0 mM IBA and NAA combination for 8 weeks (Fig. 4) . The growth of the hairy roots cultured in three media (0.5 mM IBAϩ0.5 mM NAA, 0.5 mM IBAϩ1.0 mM NAA and 1.0 mM IBAϩ0.5 mM NAA) were higher than those cultured with IBA or NAA solely. On the other hand, the hairy roots cultured with 2.5-5.0 mM IBA and NAA combinations showed poor growth. The hairy roots cultured with 0.5 mM IBA and 0.5 mM NAA combination showed the highest growth (7.68 g fresh weight) after 8 weeks of culture. In this culture condition, IBA and NAA acted so effectively that the hairy roots grew vigorously (Fig. 5) . The number and length of lateral branching roots were 54.3Ϯ6.8 and 50.2Ϯ16.4 mm, respectively.
The six major ginsenosides content of the hairy roots cultured with IBA and NAA combination is shown in Fig. 6 . The main ingredient was Rb 1 and Re, the sum of which was more than half of total ginsenosides. On the other hand, ginsenoside Rd was minor in all condition. The highest content of total six ginsenosides was 1.87% as dry weight (0.5 mM IBAϩ0.5 mM combination). It was reported about the ginsenoside contents of P. ginseng hairy roots cultured with IBA. Yoshikawa and Furuya 10) reported that IBA promoted ginsenoside content. However, Inomata et al. 11) reported that IBA did not promote it. In our study, the ginsenoside con- tents of the hairy roots cultured with 0.5-2.5 mM IBA were higher than that cultured in hormone-free, and the ginsenoside contents of the hairy roots cultured with 5.0-10.0 mM IBA were lower than that cultured in hormone-free. In the media supplemented with NAA, a similar result was obtained. Therefore, the ginsenoside content of the hairy roots depended on the concentration of auxin in medium.
The highest ginsenoside production of the hairy roots cultured with IBA and NAA combination was 6.38 mg per 100 ml flask (0.5 mM IBA and 1.0 mM NAA combination). This yield was 1.7-folder greater than hormone-free. From these results, we concluded that culturing the hairy roots with two kinds of auxins in combination is a useful method for ginsenoside production.
